Susceptibility and magnetic shieldings of all nuclei are calculated for water and hypofluorous acid. A finite perturbation SCF method with gauge invariant gaussian basis set is used. Results calculated with a slightly extended basis set agree well with experimental values.
The finite perturbation self-consistent field (SCF) method has been used for the calculation of magnetic properties of some linear molecules 2 . The aim of the present calculations has been to prove this method on non-linear molecules calculating the susceptibility and magnetic shieldings of FOH and H.,0.
In the Hamiltonian describing the closed shell molecule in the presence of a uniform magnetic field the vector potential of this field is included. Gauge invariant atomic orbitals are chosen as a basis set to provide the minimal or slightly extended sets to have enough flexibility to describe the induced electronic motion. The single determinant MO wavefunctions in the presence and in the absence of external magnetic field are determined by solving Roothaan-type equations for several finite magnetic field strenghts. The susceptibility is deduced by numerical differentiation of the molecular energy. Magnetic shieldings are calculated by means of Ditchfield's 3 expression, where the derivatives of the density matrix are calculated numerically. Within such a model there only remains to specify the basis set. In this work we have used two types of basis sets. The first one (I) is a slightly extended basis set composed by Dunning's [3s 2p] set 4 on oxygen and by STO-4G functions 5 on hydrogen. The total SCF energy of H20 calculated with this basis set in the absence of the magnetic field is E = -75.9859 a.u. The experimental geometry (R(O-H) =1.8111 a.u., <£HOH = 104.5°) was used. The second basis set (II) used is the minimal ST0-3G set 5 : With this set we calculated the magnetic properties of H.,0 and FOH at fixed geometry for H.,0 (R(O-H) =1.8100 a.u., <£ = 105°) and for FOH (R(F-O) =2.7250 a.u., R(0-H) = 1.8217 a.u., FOH = 97.200°). The calculated energies are E = -75.0012 a.u. and E = -172.3622 a.u., respectively.
The calculated susceptibilities are shown in Table 1 . Components of both molecules are given for comparison in the O -H bond axis framework. Susceptibilities of HoO calculated with basis set I are comparable with those of Thomsen and Sw r anstrom 6 calculated with the near Hartree-Fock basis set without gauge invariant orbitals. STO-3G basis set gives about 20% too small absolute values as was noticed before 2 . It is supposed that the susceptibility of FOH calculated with the same basis set (II) is for roughly the same amount too low. Also by Pascal additivity rule it should be about 16.10 -6 erg gauss -2 mole -1 . Nevertheless, basis set II shows the anisotropy of FOH susceptibility, which is much greater than in H.,0, as expected.
Magnetic shieldings calculated with the first basis set (I) are given in Table 2 . The magnetic shieldings of both oxygen and hydrogen are nearly the same as those of Thomsen and Swanstrom 6 , the differences are not greater than some percents, though the geometries of both calculations are slightly different. There are some differences between our values and those of Ditchfield 10 which by our oppinion are due to the different geometries of HoO used in both calculations and less to the different extended basis sets. Table 3 shows the magnetic shieldings of all nuclei in FOH and H20 calculated with basis II. As it is seen from the values for water, the basis set (and geometry) dependence is much more pronounc- ed for the shielding of oxygen than for that of hydrogen. Unfortunately no reliable values have been published about fluorine and oxygen shieldings in hypofluorous acid. But the agreement of fluorine shift with the experimental value 11 is good.
Notizen
Comparing the values of both molecules a pronounced diminution of oxygen shielding going from H20 to FOH can be seen. We may conclud that the finite perturbation method combined with gauge invariant basis sets gives reliable results for magnetic susceptibilities as well for magnetic shieldings.
